General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



CR- HI *S52_ c. 


Report DRD MA-183TF 


SHUTTLE S-BAND HIGH GAIN 
SWITCHED BEAM 
BREADBOARD AHTENNAS 


J. J. Mullanev 
Rockwell International 

Strategic Defense & Electro-Optical Systems Division 
3370 Miraloma Ave. 

Anaheim, CA 92803 


18 January 1985 
Final Report 
Contract NAS9-17006 


(PASA-Cfi-171d52) SHllILI S-E1U HIGH GAIA 
SWITCHED EEAH BttHttlhZ SMEliH?S final 
Pepoct (Rcckweii It tfeinat icr. a 1 Coup.) 124 p 
HC 106/flP 101 cSCI CSC 

G3/3 3 


N85-19327 


Uncla £ 
14374 


Prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Lyndon B. Johnson 
Space Center 
Houston, Texas 77058 



UNCLASSIFIED 


SECURITY ClASSIf ICATlON OF THIS PAUL 


U REPORT SECURITY CLASSIFICATION 

UNCLASSIFIED 


2a SECURITY CLASSIFICATION AUTHORITY 

N/A 


2D OECLASSlEICATION/OOWNGRAOING SCHEDULE 

N/A 


4 PERFORMING ORGANIZATION REPORT NUMBER(S) 

C85-149/101 


6a NAME OF PERFORMING ORGANIZATION 

Rockwell, SD & EOSD 


6c ADDRESS iCity Stale aro ZIP Code) 


Anaheim, CA 92803 


REPORT DOCUMENTATION PAGE 


ID RESTRICTIVE MARKINGS 

N/A 


3 DISTRIBUTION/AVAILABILITY OF REPORT 

UNLIMITED 


6 MONITORING ORGANIZATION REPORT NUMBER(S) 

DRD MA-183TF 


60 OFFICE SYMBOL) Za NAME OF MONITORING ORGANIZATION 

deiJ NASA- Johnson Space Center 


ZD ADDRESS (City Stale ana ZIP Code) 

Houston, Texas 77058 


oa NAME OF FUNDING SPONSORING 
ORGANIZATION 


8c ADDRESS (Lity State and ZIP Code ) 


8n Off ICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 
/// applicable) 

NAS9- 17006 


10 SOURCE OF FUNDING NO S 



PROGRAM 
ELEMENT NO 

PROJECT 

NO 

TASK 

NO 

it title occlude security classification) Shuttle S-Band High Gain 
Switched Beam Breadboard Antennas. Final Report (U) 





12 PERSONAL AUTHOR(S) 

J. J. Mullaney (Rockwell) 


13a TYPE OF REPORT 

FINAL 


16 supplementary notation 


I3t TIME COVERED 
FROM 1 0/83 TO 1 /B^ 


14 DATE OF REPORT (Yr Mo Day) 

1985, JANUARY 18 


WORK UNIT 
NO 


15 PAGE COUNT 


COSATI COOES 


GROUP 



18 SUBJECT TERMS (Continue on reverse it necessary and identify by b*ock number) 

Insertion Loss; Voltage Standing Wave Ratio; Gain Pattern; 
Axial Ratio Pattern 


19 ABSTRACT (Continue on reverse if necessary and identif, by block number) 

This contractually required Final Report describes final fabrication, assembly and test results of the 
S-Band Five-Element, Eight-Beam Breadboard Antennas developed for the Space Shimle Program. 
Fabrication and assembly section includes information since the last contractual status report 
(DRD MA-179T). 

Test results include those from component and final assembly testing. Data summary sheets from 
all testing are presented. 


20 DISTRIBUTION/AV AIL ABILITY OF A8STRACT 
UNCLASSIFIEO/UNL'MITED D SAME AS RF1 Q 


22a NAME OF RESPONSIBLE INDIVIDUAL 

J. J. Mullaney 


00 FORM 1473, 83 APR 


OTIC USERS D 


21 ABSTRACT SECURITY CLASSIFICATION 

UNCLASSIFIED 


22D TELEPHONE NUMBER 
(Include Area Code ) 

(714) 632-1629 


I DlTlON OF 1 JAN 73 IS 06SOLC TE 


22c OFFICE SYMBOL 


UNCLASSIFIED 


SECURITY CLASSIFICATION Of THIS PAGE 










































CONTENTS 


Page 


1 . Introduction and Description 1 

2. Final Fabrication and Assembly 2 

3. Test Results 5 

3.1 Component Testing 5 

3.2 Final Assembly Testing 5 

4. Component Test Data Summary Sheets 7 

5. Radiation Pattern Data Summary Sheets 17 

6. Offsite Test Installation Report 21 

7. Return Loss Plots 28 

8. Gain Patterns 41 

9 Axial Ratio Patterns 77 


PitiXEDING page blank not 


filmed 


jjj 


1. INTRODUCTION AND DESCRIPTION 


This is the final report for contract NAS9-1/006, Shuttle High Gain Breadboard Antennas. 

The two Shuttle High Gain Breadboard Antennas will demonstrate the performance of the 
proposed system, which consists of four of the five-element, eight-beam antennas designed to 
have improved performance over the existing two-element, two-beam antennas. 

Each eight-beam antenna uses five closely spaced radiating elements in a cross formation, 
which are phase switchable to direct the beam. Power division is accomplished by an integrated 
stripline coupler assembly and phase tuning is acomplished through the use of precision RF cable 
lengths. Beam switching is done with three coaxial transfer switches. 

The radiating elements are broad-banded crossed dipoles that are fed to provide righthand 
circular polarization. 

The feed network and array geometry used for the eight beam antenna are as shown in the 
figure below. 
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2. FINAL FABRICATION AND ASSEMBLY 


The upper flange was modified by the placement of additional layers of quartz disks over the 
radiating elements. This modification was successful in improving the performance. 

The RF coaxial switches were originally received from the Novak Corporation in the begin- 
ning of August. They were found to have intermittent performance and were returned to the 
vendor for adjustments. Upon return from the vendor, one of the switches still exhibited Ihtermit- 
tency, and the set was determined to be unacceptable for use Transco Corporation's Engineer- 
ing Group agreed to supply the program with three switches built Irom spare parts. These were 
delivered on October 19, 1984. 

RF cable fabrication and phase trimming proved to be very time-cort&untthg due to numerous 
iterations between propei phase length and mechanical fit 

Aner the final assembly integration, I ( nal bench tests were made and pattern testing was 
begun. 
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3. TEST RESULTS 


3.1 COMPONENT TESTING (REFERENCE ATTACHED DATA SUMMARY SHEETS) 

3.1.1 Individual Components 

Most of the individual components are common to both the upper and lower antennas. The 
only exceptions aie the live cables which feed the elements and the input cables. The common 
components are exchanged between the upper and lower flanges and housings. 

Two of the thee coaxial switches had measured losses within the expected range. However, 
the third switch measured approximately twice as lossy as normal but was used anyway due to 
lack of time for the procurement of another switch. 

All of the RF cables except for cable "e” (to the center element) measured well below their 
budgeted loss value. Cable "e" for both the upper and lower antennas measured only slightly 
more lossy than was predicted. 

The stripline power divider network insertion loss measured approximately 0.5 dB better than 
was predicted through all RF paths. Its input VSWR and returned power to the load ports were 
low. 

3.1.2 Feed Subassembly 

The feed subassembly consists of the power divider, the coaxial switches, and the RF 
cabling. This combination of components measured approximately 0.5 dB more lossy in some 
cases than was predicted. However, the input VSWR was good. Phase measurements, which 
were recorded at 21 50 MHz only, demonstrated that phasing was held within 7° of design values. 

3.1.3 Radiating Subassembly 

The radiating subassembly consists of the radiating elements with element couplers, com- 
bined with the antenna flange/radome. Input VSWR into both upper and lower units was low. 
Power at the load ports was reduced by the placement of additional layers of quartz over the aper- 
tures. Some values still spiked slightly higher than the target value. 

3.2 FINAL ASSEMBLY TESTING 
3.2.1 Final Bench Testing 

Input VSWR of the complete assembly was generally lower than the budgeted value. Only in 
beam position 5 on the upper and lower antennas did the VSWR rise higher than the budgeted 
value. Power at the load ports of the power divider and radiating elements was measured at the 
complete assembly level. Values for some beam positions exceeded the budgeted values but the 
general trend was data close to those values. 
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3.2.2 Radiation Pattema 


Proper scan angles for each beam on both the upper and lower antennas were obtained by 
exciting only one row of elements in the array at a time. Patterns from a given plane were then 
obtainable with the opposing plane at boresight. The peak gain angles derived in this fashion 
were then used in testing the full five-element array. 

The lower antenna was fully evaluated for gain and axial ratio. Gain measurements for 
2041 .9 and 21 06.4 MHz are slightly less accurate than the other radiation data since the scan 
angles used at these frequencies were obtained at 2150 MHz. Scan angles typically varied less 
than 4° from frequency to frequency. However, gain measurements at 2217.5 and 2287.5 MHz, 
as well as all of the axial ratio measurements were measured using scan angles obtained at the 
appropriate frequencies. 

At 2041 .9 MHz, the pitch plane peak gain averaged 6.7 dB; 4.0 dB bearnwidth averaged 
132.0°; axial ratio at ± 55° averaged 4.8 dB. Roll plane peak gain averaged 6.8 dB; bearnwidth 
averaged 93.5°; axial ratio at ± 50° averaged 5.2 dB. 

At 2106.4 MHz, the pitch plane peak gain averaged 6.5 dB; bearnwidth averaged 141.5°; 
axial ratio at ± 55° averaged 5.0 dB. Roll plane peak gain averaged 7.5 dB; bearnwidth averaged 
119.2°; axial ratio at ± 50° averaged 5.7 dB. 

At 2217.5 MHz, the pitch plane peak gain averaged 7.4 dB; bearnwidth averaged 123.5°; 
axial ratio at ± 55° averaged 6.2 dB. Roll plane peak gain averaged 7.2 dB; bearnwidth averaged 
95.8°; axial ratij at ± 50° averaged 5.2 dB. 

At 2287.5 MHz, the pitch plane peak gain averaged 7.4 dB; bearnwidth averaged 125.0°; 
axial ratio at ± 55° averaged 5.7 dB. Roll plane peak gain averaged 7.3 dB; bearnwidth averaged 
94°; axial ratio at ± 50° averaged 3.7 dB. 
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5. RADIATION PATTERN DATA SUMMARY SHEETS 
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6. OFFSITE TEST INSTALLATION REPORT 


The upper and lower antennas are mounted into their respective mock-ups in the same fash- 
ion as the presently used two beam antennas. 

The scan angles determined at Rockwell - Anaheim are listed in the following pages. They 
can be used to approximately locate beam peaks. Variations from these angles will occur due to 
mock-up and range differences. 
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EIGHT BEAM ANTENNA SCAN ANGLES (UPPER ANTENNA) (Continued) 
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7. RETURN LOSS PLOTS 
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8. GAIN PATTERNS 
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